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It is unknown why many patients with pernicious anaemia are satisfactorily treated with injections of hydrox-
ocobalamin or cyanocobalamin every 1-3 months whereas others require far more frequent replacement regi-
mens, sometimes even weekly. A substantial but inconstant fraction of an injected dose of cobalamin is excreted
in the urine within 72 h of injection, with subsequent loss of variable smaller amounts. We hypothesize the
existence of ‘hypercobalaminuria’, whereby increased urinary cobalamin losses constitute a currently unrecog-

nized factor influencing treatment refractoriness in some individuals. The hypothesis is testable by comparing
cobalamin urinary losses in patients needing frequent as opposed to 1-3-monthly injections of cobalamin to
remain symptom free. It implies that ‘less-responsive’ patients are likely to have significant hypercobalaminuria.

Introduction

Vitamin Bj5 (cobalamin) is an essential nutrient required for hae-
matopoiesis and normal neurological function [1,2]. It is only available
from biosynthesis by a few soil, aquatic and rumen microorganisms
[3,4]. Their symbiosis with animals enriches foods such as meat, fish,
milk, eggs, and dairy products [5].

Deficiency of the vitamin is a significant global health issue affecting
all ages. It arises from either dietary insufficiency or malabsorption.
Dietary insufficiency commonly occurs in those following an unsup-
plemented vegetarian or vegan diet [6]. A common cause of malab-
sorption is pernicious anemia (PA) characterized by autoimmune
gastritis (AIG) with destruction of parietal cells and loss of intrinsic
factor (IF), which is required for absorption of cobalamin in the terminal
ileum [7].

In the UK, maintenance treatment of PA is usually via intramuscular
injection of hydroxocobalamin, every 2-3 months, given by a health
care professional. In North America (USA and Canada) the preferred
form is cyanocobalamin, administered monthly [8].
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Regardless of the form and frequency conventionally used, many
patients become symptomatic prior to their next scheduled injection
appointment [9]. A survey of ‘Pernicious Anaemia Society’ (PAS)
members found that many patients feel they do not receive their injec-
tion sufficiently frequently for adequate and continuous symptom relief
[10].

The PAS and James Lind Alliance (PAS/JLA) recently identified ten
research priorities for PA through a Priority Setting Partnership [11].
Two of these relate to treatment efficacy, 1) why do people with PA need
cobalamin injections at different frequencies? and 2) why do some
people with PA continue to experience recurrence of symptoms, even
after treatment with cobalamin?

The hypothesis

As with any nutrient, deficiency essentially arises from three main
sources in genetically normal individuals: inadequate dietary intake,
inadequate absorption, increased utilisation and/or losses. However,
regarding cobalamin, the latter possibility has been overlooked. Other

Received 13 February 2025; Received in revised form 16 May 2025; Accepted 18 May 2025

Available online 19 May 2025

0306-9877/© 2025 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


mailto:mccaddon@sky.com
www.sciencedirect.com/science/journal/03069877
https://www.elsevier.com/locate/ymehy
https://doi.org/10.1016/j.mehy.2025.111664
https://doi.org/10.1016/j.mehy.2025.111664
http://crossmark.crossref.org/dialog/?doi=10.1016/j.mehy.2025.111664&domain=pdf
http://creativecommons.org/licenses/by/4.0/

A. McCaddon et al.

than a few publications in the 1950's and 60's [12-14] and the 2000 s-
2010 s [15-17] there is a remarkable paucity of literature concerning
urinary cobalamin losses.

Total body content of cobalamin amounts to more than 1 mg with an
approximate daily loss of 0.12 % [18,19]. In healthy adult individuals
this is replaced by a recommended dietary allowance of 2.4 mcg
cobalamin.

Patients with PA lose the capacity for uptake of the vitamin and
therefore depend upon pharmacological doses. These are usually
administered as a 1 mg dose given intramuscularly every one (cyano-
cobalamin) to three months (hydroxocobalamin). If this dose remained
within the body, it would ensure a sufficient supply for more than a year.
However, retention of injected cobalamin depends on the form admin-
istered as well as the pharmaceutical vehicle employed [20] — in
addition to currently unknown individual factors.

Once the injected cobalamin reaches the blood stream any fraction of
the vitamin that remains unbound to proteins is rapidly cleared by the
kidney and excreted in the urine [21]. Cyanocobalamin binds only to the
cobalamin binding proteins transcobalamin and haptocorrin whilst
hydroxocobalamin also forms a weak complex with other proteins,
notably albumin. This difference explains why cyanocobalamin is
cleared faster from the body than is hydroxocobalamin [21].

In addition to clearance of free cobalamin the kidney also plays a role
in handling cobalamin bound to transcobalamin and albumin. Trans-
cobalamin, with a molecular weight of 43 kDa, passes into the glomer-
ular filtrate but virtually all is reabsorbed via the multifunctional
receptor megalin [22]. Likewise, most of filtered albumin bound
cobalamin is reabsorbed, both by megalin and another multifunctional
receptor — cubilin [9].

Urinary cobalamin losses vary between individuals, both in the basal
state and following a large bolus intramuscular injection [16,17,23-26].

We posit that excess urinary loss of cobalamin (‘hyper-
cobalaminuria’) may constitute a hitherto unrecognized factor contrib-
uting to treatment inefficacy.

A consequence of this phenomenon would be the existence of a sub-
group of individuals with PA who, after cobalamin injection therapy,
display a more rapid loss of cobalamin due to excessive cobalaminuria
(“hypercobalaminuria”). Such individuals would experience a faster
return of symptoms of cobalamin deficiency than others and require
more frequent injections.

A simple analogy to illustrate this point is to consider two bathtubs,
one which cannot be filled due to a defective tap/faucet (individuals
with PA) whereas the other also has a leaky plug (individuals with PA and
‘hypercobalaminuria’). In the former situation, the bathtub is easily
filled with buckets of water, whereas in the latter the continued excess
losses necessitate more frequent water replacement (Fig. 1).

Sufficiently treated
Injection every 2-3 months

‘Hypercobalaminuria’
A need for frequent injections

In the body
-

Lostinurine
e

Fig. 1. Model for distribution of an injected dose of cobalamin. The figure presents
a schematic overview for the distribution of cobalamin following intramuscular
injection of 1 mg hydroxocobalamin in patients well treated with a standard
injection schedule (left panel) and in patients requesting frequent injections
possibly explained by ‘hypercobalaminuria’ (right panel).
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In essence, we propose that two distinct cohorts of PA (AIG-associ-
ated cobalamin deficient) individuals may exist, with one cohort
exhibiting an additional complication of increased urinary cobalamin
losses, resulting in poorer retention of the injected dose. This com-
pounds the absorptive defect, hence necessitating more frequent
cobalamin replacement.

Evolution of the hypothesis

Urinary cobalamin excretion depends on the given dose, its mode of
administration (oral, parenteral, intramuscular and less commonly
subcutaneous injections), its formulation (i.e. cyano- or hydrox-
ocobalamin) and its excipients. Intramuscular injection of 100 pg results
in excretion that is detectable for up to 12 h, both in healthy controls and
patients with PA [27,28].

Patients with PA display no haematological response to small oral
cobalamin doses (i.e. 5 pg) [29,30], while intramuscular injections will
achieve symptom remission [31]. Relatively few (6 %) patients with PA
receive maintenance therapy with high dose oral cobalamin, but only if
there is no neurological involvement [32,33]. However, most patients
rely solely on intramuscular injections.

The amount of cobalamin excreted in urine (E) 8 h after an intra-
muscular injection of doses between 5 and 1000 mcg normally depends
on the dose administered (D) according to the following equation: E =D
~1.2D%8° [34]. We do not know to what extent this formula can be
reliably used in PA patients. Intramuscular injections of 42.2 ug to 211
pg of cobalamin in either ascending or descending order in healthy
controls (n = 6) and PA patients (n = 6) showed maximal urinary
excretion at the highest doses with no statistically significant differences
between the two groups [12]. Successive daily administration of
cobalamin from high to low dose revealed a trend wherein for the lowest
dose of 42.2 ng, patients with PA excreted twice as much cobalamin as
healthy controls. However, these differences did not reach statistical
significance, possibly due to the small cohort size [12].

Several decades of research paucity have obstructed our under-
standing of the complex relationships between mode of administration,
dose, compartmentalisation, excretion patterns and reversal of clinical
symptoms in patients with PA. Prior studies on urinary cobalamin
excretion are few and far between and only performed on small cohorts.
Studies examining urinary cobalamin excretion amongst PA patients
with varying needs of intramuscular injection to achieve symptom
remission are lacking.

Many patients with PA become symptomatic before their next
scheduled injection appointment. However, a lack of recognition of this
phenomenon has led to patient dissatisfaction, with some patients
completely withdrawing from care seeking [9]. A simple explanatory
mechanism would be apposite. If hypercobalaminuria does explain the
apparent differences in response to cobalamin replacement it allows for
a simple test to identify those in need of more frequent treatment. It
would have important implications for rational modification of the
current recommended guidelines for the treatment of PA.

Obviously, proof of this hypothesis raises the next question: ‘what
drives aberrant cobalamin excretion?” The most likely explanation
would be increased clearance of free cobalamin. While cyanocobalamin
is freely cleared, provided all binding capacity of transcobalamin and
haptocorrin is saturated [35], hydroxocobalamin is partly retained
bound weakly to other proteins, mainly albumin.

A less likely explanation for increased excretion would be an altered
function of the receptor ensuring the reuptake of any filtered cobalamin
bound to transcobalamin. Both options are testable. Transcobalamin can
be measured in the urine, and the type of cobalamin excreted in the
urine can be identified.

Hypothesis testing

The hypothesis could be tested by comparing urinary cobalamin
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excretion in patients with PA treated with injections of cobalamin
(either hydroxocobalamin or cyanocobalamin) and relating it to the
requested interval needed to significantly alleviate symptoms. 24-h
urinary samples could be collected for the first three days post-
injection. In addition, blood samples could be taken at baseline and
daily for the following three days. Cobalamin could be measured in
urine and plasma by standard techniques (chemiluminescent or micro-
biological assay).

Urine samples would need to be collected from clinically well-
characterised individuals, ideally within a primary care population. It
would be important to avoid bacterial contamination of sample collec-
tion to ensure that microbial synthesis or consumption of cobalamin
does not influence the measurements. Collecting 24-hour urine samples
for several days from many participants can be cumbersome and may
lead to compliance issues or incomplete data, though these difficulties
are not insurmountable with careful planning and supervision. How-
ever, collection of 24-h urine is important because urinary excretion of
cobalamin is dependent on urine volume [15].

Measurement of cobalamin in blood samples will help to judge a
relationship between this value and urinary excretion and thereby
possibly ease future identification of individuals with a high cobalamin
clearance. However, in interpreting plasma cobalamin levels it should
be remembered that it comprises the sum of the freely filtered unbound
vitamin, the vitamin bound to haptocorrin (slow turnover, not filtered in
urine), holo-transcobalamin (fast turnover, partly filtered in the urine
and reabsorbed in the kidney) and the vitamin bound to albumin (partly
filtered and reabsorbed in the kidney) (15, 22).

Implications

The importance of the hypothesis is suggested by the recently iden-
tified PAS/JLA research priorities (see above). If hypercobalaminuria
does explain the apparent differences in response to cobalamin
replacement it allows for a simple test to identify those in need of more
frequent treatment. Hence it would have important implications for
rational modification of the current recommended guidelines for the
treatment of PA.

If our hypothesis proved incorrect it would be necessary to consider
alternative explanations for interindividual variations in treatment re-
sponses. For example, some individuals might require a higher level of
cobalamin to ensure adequate cellular uptake and/or utilisation,
perhaps due to polymorphisms in transcobalamin and/or its cellular
receptor (CD320) and/or cobalamin dependent enzymes [36]. It is also
possible that the presence or absence of antibodies to the CD320 re-
ceptor might influence the required injection frequency [37].

Another possibility is that patients with PA receiving life-long ther-
apy with high-dose cobalamin (orally or in combination with intra-
muscular injections [32]) either innately possess, or undergo, gut
microbiome transformations; cobalamin is known to regulate gut mi-
crobial ecology [38]. This might alter the abundance of plasma cobal-
amin analogues such that ‘authentic’ cobalamin uptake via the CD320
receptor is impaired. This has yet to be investigated but could explain
why some PA patients require more frequent injections. The association
between neurologic abnormalities and a greater abundance of plasma
analogues in cobalamin deficient PA patients [39] lends some credence
to this alternative hypothesis.

Conclusion

The possibility that increased urinary cobalamin loss can contribute
to deficiency and its associated symptoms has been hitherto neglected.
Such a mechanism affords a potential explanation for poor ‘treatment
responses’ in a subset of patients with PA. The hypothesis is testable by
measuring total urinary excretion of cobalamin for several days
following its parenteral administration to well characterised deficient
individuals and determining the relationship of the rate of loss to plasma
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levels of cobalamin and duration of symptom relief.

It would also be possible to gain insight into the likely underlying
mechanism for any increased excretion, by determining whether the loss
in such individuals primarily comprises only free or also transcobalamin
bound cobalamin, the former being more likely.
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